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The SEQ ID NO:7 primer contains sequences encoding a 16-amino acid Gly-Ser 
peptide linker including a BamYR restriction enzyme site. The resulting DNA 
fragments of approximately 700 bp in length are inserted into a holding vector such 
as pUCl 9 at the BamUl and EccRl sites to give the pL-vFcy2 plasmid. The sequence 
5 of the gene is confirmed by DNA sequencing. 



[0018] To prepare the HuEPO-L-vFc^ fusion gene, the EPO fragment is 

excised from the pEPO plasmid with Hindlll and BamHl and is purified by agarose 
gel electrophoresis. The purified fragment is then inserted to the 5' -end of the 
10 peptide linker in the pL-vFcy2 plasmid to give the pEPO-L-vFcy2 plasmid. The 
fusion gene comprises HuEPO, a Gly-Ser peptide linker and the Fc y 2 variant gene. 

[0019] The presence of a peptide linker between the EPO and Fc moieties 

increases the flexibility of the EPO domains and enhances its biological activity (see, 

15 for example, Sytkowski et al, J. Biol Chem., 274: 24773-8, 1999). For the present 

invention, a peptide linker of about 20 or fewer amino acids in length is preferred. 
Peptide linker comprising two or more of the following amino acids: glycine, serine, 
alanine, and threonine can be used. An example of the peptide linker contains Gly- 
Ser peptide building blocks, such as GlyGlyGlyGlySer. Figure 2A shows a fusion 

20 gene (SEQ ID NO. 17) containing sequences encoding HuEPO, a 16-amino acid 
peptide linker (GlySerGlyGlyGlySerGlyGlyGlyGlySerGlyGlyGlyGlySer, SEP ID 
NO: 23), and the Fcy 2 Pro331Ser varian t and its corresponding amino acid sequence 
(SEP ID NO. 18) . 



25 [0020] The complete gene encoding the HuEPO-L-vFc fusion protein is 

then inserted at the Hin$Rl and EcoRl sites of a mammalian expression vector, such 
as pcDNA3 (Invitrogeh). The final expression vector plasmid, named pEFP2, 
contains the cytomegalovirus early gene promoter-enhancer which is required for 
high level expression in mammalian cells. The plasmid also contains selectable 

30 markers to confer ampicillin resistance in bacteria, and G418 resistance in 
mammalian cells. In addition, the pEFP2 expression vector contains the 
dihydrofolate reductase (DHFR) gene to enable the co-amplification of the HuEPO- 
L-vFcy2 fusion gene and the DHFR gene in the presence of methotrexate (MTX) 
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[0023] To prepare the HuEPO-L-vFcy 4 fusion gene, the HuEPO fragment 

is excised from the pEPO plasmid with Hindlll and BamlU and then inserted to the 
5 5 -end of the peptide linker in the pL-vFcy4 plasmid to give the pEPO-L-vFcy4 
plasmid. This fusion gene comprising HuEPO, a 16-amino acid Gly-Ser peptide 
linker and the Fc 7 4 variant gene is then inserted at the Hindlll and EcoKl sites of a 
mammalian expression vector, such as pcDNA3 (Invitrogen), as described for the 
HuEPO-L-vFc 7 2 fusion protein. The final expression vector plasmid is designated as 
pEFP4. Figure 2B shows a fusion gene (SEP ID NO. 19) containing sequences 
encoding HuEPO, a 16-amino acid peptide linker 
(GlySerGlyGlvGlvSerGlvGlvGlvGlvSerGlvGlvGlvGlvSer . SEQ ID NO: 23) , and 
the Fc y4 variant with Ser228Pro and Leu235Ala mutations , and its corresponding 
amino acid sequence (SEP ID NO. 20) . 

1. Construction of the gene encoding the HuEPO-L-vFc ^ fusion protein 

[0024] The hinge domain of human IgGl heavy chain contains 15 amino 

acid residues (GluProLysSerCysAspLysThrHisThrCysProProCysPro . SEP ID NO: 
24) including 3 cysteine residues. Out of these 3 cysteine residues, the 2 nd and 3 rd are 
involved in the formation of disulfide bonding between two heavy chains. The 1 st 
cysteine residue is involved in the disulfide bonding to the light chain of IgG. Since 
there is no light chain present in the Fc fusion protein molecule, this cysteine residue 
may pair with other cysteine residues, leading to nonspecific disulfide bonding. The 
hinge domain of Fc y i can be truncated to eliminate the 1 st cysteine residue 
(AspLvsThrHisThrCvsProProCvsPro . SEP ID NO: 25 ). The gene encoding the Fc y i 
region is obtained by reverse transcription and PCR using RNA prepared from 
human leukocytes and appropriate 5' primer (SEQ ID NO: 13) and 3' primer (SEQ ID 
NO:4). Resulting DNA fragments containing the truncated hinge and complete 
sequences of CH2 and CH3 domains of Fc Y i is used as the template to generate the 
Fcyi variant with Leu234Val ? Leu235Ala, and Pro331Ser mutations (vFc y i). 

[0025] One way to incorporate these mutations is as follows: two 

segments are produced and then assembled by using the natural Fcyi as the template 
in overlapping PCR. The 5' segment is generated by using SEQ ID NO: 14 as the 5' 
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primer and SEQ ID NO:5 as the 3' primer. This 5' primer contains the Leu234Val, 
Leu235Ala mutations and the 3' primer contains the Pro331Ser mutation. The 3' 
segment is generated by using SEQ ID NO:6 as the 5' primer and SEQ ID NO:4 as 
the 3 5 primer. These 5' and 3' segments are then joined at the region covering the 
5 Pro331Ser mutation by using SEQ ID NO: 14 as the 5' primer and SEQ ID NO:4 as 

the 3' primer. This amplified fragment of approximately 650 bp in length, together 
with a synthetic oligonucleotide of 55 bases (SEDQ ID NO: 15) containing 
Leu234Val and Leu235Ala, are joined in PCR by using SEQ ID NO:16 as the 5' 
primer and SEQ ID NO:4 as the 3' primer. The SEQ ID NO: 16 primer contains 
10 sequences encoding a 16-amino acid Gly-Ser peptide linker including the BamHl 
site. The resulting DNA fragments of approximately 700 bp in length are inserted 
into a holding vector such as pUC19 at the BamHl and EcoRi sites to give the pL- 
vFcyl plasmid. The sequence of the gene is confirmed by DNA sequencing. 

15 [0026] To prepare the HuEPO-L-vFCyi fusion gene, the EPO fragment is 

excised from the pEPO plasmid with Hindlll and BamHl and inserted to the 5' -end 
of the peptide linker in the pL-vFcyl plasmid to give the pEPO-L-vFcyl plasmid. 
The fusion gene comprising HuEPO, a 16-amino acid Gly-Ser peptide linker, and the 
Fc Y i variant gene is then inserted at the Hindlll and EcoBJ sites of a mammalian 

20 expression vector, such as pcDNA3 (Invitrogen), as described for the HuEPO-L- 
vFc y 2 fusion protein. The final expression vector plasmid is designated as pEFPl. 
Figure 2C shows a fusion gene (SEQ ID NO. 21) containing sequences encoding 
HuEPO, a 16-amino acid peptide linker 

(GlvSerGlvGlvGlvSerGlvGlvGlvGlvSerGlvGlvGlvGlvSer , SEQ ID NO: 23 V and 

25 the Fcyi variant with Leu234Val, Leu235Ala and Pro331Ser mutations , and its 

corresponding amino acid sequence (SEQ ID NO. 22) . 

2. Expression of the fusion protein in transfected cell lines 

30 [0027] The recombinant pEFPl, pEFP2 or pEFP4 expression vector 

plasmid is transfected into a mammalian host cell line to achieve the expression of 
the HuEPO-L-vFc fusion protein. For stable high levels of expression, a preferred 
host cell line is Chinese Hamster Ovary (CHO) cells deficient in the DHFR enzyme 
(see, for example, US patent 4,818,679). A preferred method of transfection is 
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Figure 1. Amino acid sequence alignment in human IgG 
isotypes and their variants. 
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